Introduction
Since the advent o f Acyclovir (ACV), 9-(2-hydroxyethoxymethyl)guanine (see Scheme 1) , an acyclonucleoside analogue of guanosine and a po tent antiherpetic agent licensed for clinical use [1] , a variety o f other acyclonucleosides with differing aglycons and acyclic chains have been synthesized and tested for antiviral activity [2] , These include, amongst others, 9-( l,3-dihydroxy-2-propoxymethyl)guanine (D H PG , see Scheme 1), with in vitro antiviral activity superior to that of ACV [3] [4] [5] . Simultaneously, several acyclonucleosides have been found to be effective inhibitors in various enzyme systems [6] [7] [8] ,
While the flexibility of the acyclic chains of such com pounds would be expected to lead to an equi librium mixture of different conformers in solu tion, one of these may mimic a portion o f the pen tose ring of the parent nucleoside (as is depicted in Scheme 1), a factor which undoubtedly plays some role in its biological activity [9] , Solid state structures and solution conform a tions have already been reported for several acyclonucleosides [9, 10] . We report here on the crystal structure of DHP-Ade, an adenine ana-HO\ 5 '
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logue o f DHP, as well as its solution conform a tional equilibria determined by 'H and l3C NM R spectroscopy. Some !H N M R data were also collected for D H PG , permitting a qualitative com parison of its conform ation with that of DHPAde. Although DHP-Ade itself apparently exhib its no antiviral activity, a number of its phosphorylated derivatives act as substrates in several enzyme systems [111.
Experimental DHP-Ade was synthesized as described by Ogilvie et al. [12] . D H PG was a kind gift of Dr. J. P. Verheyden o f Syntex. DHP-Ade (C9H l3N 50 3) was crystallized from aqueous solution in the form of well shaped, monoclinic prisms. The structure has monoclinic space group P 2 , and two independent molecules in the asymmetric unit, with unit cell constants a = 10.848(4), h = 8.765(3), c = 11.432(4) Ä, ß = 102.14(3) , as determined by least squares refinement of 20 independent reflections measured on a STOE four-circle diffractometer. The data were collected in the co/20 scan mode with stationary background counts on both sides of each reflection to 20max = 120 (C uK a radia tion). The crystal structure was solved by direct methods and refined by full matrix least squares calculations using the SHELX program package [14] , In reducing the data, Lorentz and polariza tion factors were applied and an empirical absorp tion correction was made [13] . 1560 reflections with intensities greater than 2 o(I) were considered observed and included in the following analysis. Near the end of the refinement, the hydrogen atoms were located from a difference Fourier syn 
Results and Discussion
Solid-state structure o f D H P-Ade
In Table I are listed the atomic parameters of DHP-Ade from which the atomic distances and bond angles were calculated (Table II) . C orre sponding bond lengths and bond angles in the two molecules deviate in some cases (s . Table II) by 0.05 A and 4° which we associate with different conform ations and crystal environment of the two molecules.
The conform ation of the two molecules in the asymmetric units is described by the torsion angles Table II . Bond distances (A) and angles ( ) and their standard deviations (in parentheses). in Table III and by Fig. 1 . In both molecules, the torsion angles C ( 4 ) -N ( 9 ) -C ( r ) _ 0 ( l ') (corre sponding to the glycosidic torsion angle x in nu cleosides) are comparable but differ in sign, viz. 104.3° for molecule A and -107.5 for molecule B. Since this behaviour is seen for all the torsion an gles given in Table III, tion in the crystal is preferred over others that this flexible molecule can in principle adopt, as we know from solution studies (see below). The packing of the molecules in the crystal is such that the adenine heterocycles are stacked in a hydrophobic region along the a~b plane and the hydrophilic substituents form a hydrophilic layer. There is extensive hydrogen bonding between the hydroxyl groups and the amino groups of the adenines, as indicated in Table IV .
C o m p a riso n o f D H P a n d D H P -A d e
Com parison of the solid state structures of DHP-Ade and DHPG*, which have a common acyclic chain that mimics the upper portion of the pentose ring but with different aglycons, dem on strates differences in conformation about the C -O bonds, which define the overall shapes of the mole cules.
In DHP-Ade the atoms N(9) and C(4') are locat ed in a typical g a u ch e orientation relative to each other about the C ( l ') -0 ( r ) bond (Table III) Acyclonucleosides may adopt a large number of conform ations with only minimal differences in energy. Q uantum mechanical calculations have shown the existence, in DHPG, o f 10 energy mini ma located less than 1 kcal m ol-1 above the global minimum [15] .
The minimum corresponding to the solid-state structure is 3.7 kcal m ol" 1 above the global mini mum. The preferred theoretically derived "folded" conform ations, which assure stronger interactions between the aglycon and the acyclic chain, are in better correspondence with the solid-state struc ture of DHP-Ade.
Solution conformation
Determ ination of solution conform ations was based on analyses o f 'H and 13C N M R spectra in the case o f DHP-A de and the 'H N M R spectrum in the case of D H PG . The measured N M R param eters, chemical shifts and coupling constants, are listed in Table V . The methods used are those pre viously applied to a variety of acyclonucleosides and acyclonucleotides [11] , Analysis of the vicinal proton-proton coupling constants 4 1H (3'),1H(4')] and J [1H (3"),,H(4')] leads to the conform ation about the C(3')~C(4') bond; and of 7[1H (4'),1H(5')] and 7[1H(4,),1H(5")] to the conform ation about the C (4')-C (5') bond. Application of the modified Karplus relationship of H aasnot et al. [16] to foregoing, as elsewhere de scribed [11] , reveals rotation about these bonds, in volving a dynamic equilibrium o f three classical conformers with gauche and trans orientation of vicinal oxygens. Because of the symmetry of the system, 8H(5') = 8H(3') and 5H(5") = 5H(3"), only mean values of conform er populations can be determined; and these are similar for all three allowable conformers, 3 0 -4 0 % .
The conform ation about the glycosidic bond C (l')-N (9 ) may be evaluated from the values of proton-carbon coupling constants, as described by Davies et al. [17] . F or DHP-Ade, com parison of ■/['H(1'),13C(4)] and J['H (1'),13C (8)] (Table V) with those for "norm al" nucleosides, where conform a tions about glycosidic bonds have been accurately determined [17] , leads to a two-state dynamic equi librium, with a slightly higher population (-60%) of the conform er which formally corresponds to the syn conform ation in norm al nucleosides. A similar conform ation may be expected for D H PG , based on the similarity of its 'H spectrum with that for DHP-Ade (Table V) .
The conform ation o f the acyclic chain about the C -O bonds, particularly im portant for establish ment of the overall shape o f the molecule, is rather difficult since there is no adequate K arplus rela tionship between ' H -13C vicinal coupling con stants and the torsion angles in the appropriate Table V ). However, it is feasible to distinguish between two cases, viz. one rigid conform ation, or a dynamic equilibrium of several allowable conformers [11] . For C ( 4 ') -0 ( l') in DHP-Ade, one (extended) form predominates, with C(5') and C (l') tra n s to each other, the torsion angle deviating -20 from the classical 180°. On the other hand, rotation about C ( l ') -0 ( r ) is observed, with com parable populations of conform ers with g a u c h e and tra n s orientations o f N(9) and C(4'). The conform ation of D H PG about C -O bonds may be inferred to be similar from the resemblance o f its 'H spectrum to that of DHP-Ade (Table V) . Hence the overall conform ation of DHP-Ade and D HPG, determined from orientations about C -O bonds, are similar both in solution and in the solid. There is, however, a m arked preference for g a u ch e orientations of oxygens on neighbouring carbons in the crystal relative to that in solution.
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Concluding Remarks
The conform ation of acyclonucleosides in which the pentose ring is replaced by the 1,3-dihydroxy-2-propoxymethyl (DH P) chain resembles that of ACV. This is so in the solid state, where there are 3 independent molecules in the asymmetric unit, 2 in the "folded'' form, g a u ch e about the C (l') -O (l') bond, and 1 in the extended form, tra n s about the same bond [18] ; and also in solution, with ob served rotation about C ( r ) -0 ( 1 ') [11] . In each case the form tran s about C ( 4 ') -0 ( l') is predom i nant. By contrast, the conform ation o f the 2',3'-seco chain, which is a D H P chain with an addition al C(2')H2OH group, is more rigid, with a prefer ence for the extended form from C(2') to C(5') in the crystal [10] and in solution [11] .
The foregoing differences in conform ation un doubtedly play some role in the biological activi ties of conformationally flexible acyclonucleosides like ACV and D H PG , which are specific sub strates for viral kinases and potent antiherpes agents [19] , as compared to the inactive 2',3'-^co -nucleosides [11, 19] , This is undoubtedly related to the ability of the "flexible" chains to mimic the conform ation of the pentose residue o f the parent nucleoside, and is deserving further investigation.
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